The assesment of severity of stenosis can be obtained by measuring mitral valve area (MVA) and transmitral pressure gradient. MVA can be mesured echocardiographically either pressure half-time (PHT) or planimetric methods. However, PHT may be inaccurate in some clinical settings such as aortic regurgitation (AR), mitral regurgitation (MR), poor left ventricular compliance, atrial fibrillation (AF) and immediately after mitral valvuloplasty. The effects of AR, MR and rhythm on PHT method are controversial. The aim of this study is to assess the correlation between planimetric and PHT methods in determining MVA and to investigate the effects of AR, MR , rhythm on MVA measured by PHT. Two hundred and one patients (31 male, 170 female) 16 to 72 years of age (mean age 40.9 ± 11.4 ) with MS were included in the study. A complete M-mode, two-dimensional and Doppler echocardiographic examinations were performed. Mitral valve area as measured by planimery was 1.74±0.47 cm 2 (range 0.79-2.96), and from PHT was 1.66±0.49 cm 2 (0.5-2.75). MVA obtained by PHT were significantly less than those obtained by planimetry (p<0.001). There was a good correlation (r=0.92, p<0.001) between planimetry and PHT method in pure MS and also in MS with AR, MS with MR and MS with AF ( r=0.92 , r=0.91, r=0.92, respectively)Either PHT and planimetric methods may reliably be used in determining MVA because of the good correlation between them regardless of rhythm and associated valve lesions as AR and MR. However, using both methods together may help to derive more correct information and less mistakes.
INTRODUCTION
The predominant cause of mitral stenosis (MS) is rheumatic carditis. Isolated MS occurs in 40% of all patients presenting with rheumatic heart disease 1. The timing of intervention, whether baloon catheter procedures or surgery is based on clinical status, the severity of anotomic lesion and the risks of ongoing medical therapy 1. The assesment of severity of stenosis can be obtained by measuring mitral valve area (MVA) and transmitral pressure gradient. Previously, cardiac catheterization has been used as an accurate invasive method to obtain MVA and transmitral pressure gradient 2. However two-dimensional (2-D) transthoracic echocardiography has been shown to be a reliable, reproducible, and accurate method of measuring MVA in patients with MS 3-5. MVA can be measured noninvasively by using either planimetric method or Doppler pressure half-time (PHT) method 6-9. Doppler PHT method has been described by Hatle et al. in 1979 10 . This method has been shown to correlate well with cardiac catheterization and planimetric methods 10-12. However, PHT may be inaccurate in some clinical settings by changing in initial pressure and compliance such as pregnancy, poor left ventricular function, left ventricular hypertrophy, tachycardia and early after mitral valvuloplasty 13-16. The presence of mitral regurgitation (MR) and aortic regurgitation (AR) with MS also may influence the PHT determination 17,18. The effects of AR and MR on PHT method are controversial 19,20. The aim of this study is to assess the correlation between planimetric and PHT methods in determining MVA and to investigate the effects of AR and MR on MVA measured by PHT.
MATERIAL AND METHODS
Two hundred and one patients patients (31 male, 170 female) 16 to 72 years of age (mean age 40.9  11.4 ) with good quality of echocardiographic imaging were included in the study.
All patients were informed of the nature of the clinical trial and oral consent was obtained. The study was approved by the institutional rewiev board. After physical examination, 12-lead electrocardiogram was obtained and all patients underwent transthoracic echocardiography. A complete Mmode, two-dimensional and Doppler echocardiographic examinations were performed with a Toshiba SSH-160 A equipment (Toshiba, Tokyo, Japan), and a 2.5-or 3.5-MHz transducer was used. Echocardiographic images were obtained from the parasternal and apical windows with the patients in the left lateral recumbent position. All recordings were obtained at the end of expiration to get good quality images. Mitral valve area was measured by both direct planimetry and PHT method. In the short-axis view, MVA was obtained at the smallest valve orifice in early diastole. M-mode measurements were performed according to the recommendations of the American Society of Echocardiography 22.
The presence of mitral regurgitation was assessed by Doppler color flow mapping. The severity of regurgitation was evaluated in multiple views and graded from 0 to 4 according to the size and extent of the regurgitant jet within the left atrium (1 = trace, 2 = mild, 3 = moderate, and 4 = severe) 23. The presence and severity of aortic regurgitation (grades 0 to 4) were evaluated based on the ratio of cross sections of the proximal regurgitant color jet and the left ventricular outflow tract, as described previously 23.
STATISTICAL ANALYSIS
All values were expressed as mean SD. Statistical analysis was performed using SPSS for Windows version 10.0 (SPSS, Inc, Chicago, Illinois). Student-t test was performed to compare the corresponding mean values. Correlation between planimetric and pressure half time metod was analysed by the correlation test. Covariance analysis was performed for testing whether there is an impact of regurgitations of the PHT area. A p value < 0.05 was considered statistically significant.
RESULTS

PATIENTS
201 patients (31 male, 170 female) 16 to 72 years of age (mean age 40.9  11.4 ) were included in the study. The clinical characteristics of the patients are shown in Table 1 .
Patients were diveded into three groups according to MVA obtained by planimetry. Group I , II and Group III consisted of 17 , 47, 137 patients, respectively. Echocardiographic measurements of all groups are shown in Table 2 .
Sixty patients had pure MS. MS with AR and MS with MR were found in 84 (41.8%) and 117 (58.2%) patients, respectively (Table 1) . MR was mild in 44.3 % of the patients, moderate in 12.9 % and severe 1 % (Table 1) . AR was mild in 24.9 % of the patients, moderate in 13.4 % and severe 3.5% (Table 1) .
RHYTHM VERSUS MITRAL VALVE AREA
In patients with sinus rhythm (n=129), mean MVA were Table 3) .
There was also a good correlation between PHT and planimetric method in AF and sinus rhythm (figure a).
Mitral valve area versus associated lesions
Mitral valve area as measured by planimery was 1.74±0.47 cm 2 (range 0.79-2.96), and from PHT was 1.66±0.49 cm 2 (0.5-2.75) ( Table 5) .
Although, MVA obtained by PHT were significantly less than those obtained by planimetry (p<0.001), there was an excellent correlation between the valve areas determined by two methods in Group II and III. (Table 5) . (Group II, r=0.56 p<0.001), (Group III, r=0.91, p<0.001). Whereas, no significant correlation was in Group I (r=0.30, p<0.240 ) ( Table 5 ) .
There was a good correlation (r=0.92, p<0.001) between planimetry and PHT method in pure MS and also in MS with AR and MS with MR ( r=0.90 , r=0.90 respectively) ( Table  4) . There was also a good correlation between PHT and planimetric method in mild, moderate and severe valve regurgitations ( figure b, c) . In covariance analysis this correlations did not change. 
DISCUSSION
The predominant cause of mitral stenosis is rheumatic carditis 1. MS is associated with other valve abnormalities in 60% of all patients presenting with rheumatic heart disease 1. In MS, timing of intervention, whether baloon catheter procedures or surgery is based on clinical status, the severity of anotomic lesion and the risks of ongoing medical therapy 1. For this purpose, MVA must be measured correctly. Invasive and noninvasive methods can be used for measuring MVA. Previously, cardiac catheterization has been used as an accurate method to obtain MVA and transmitral pressure gradient 2. These days, echocardiography which correlate well with cardiac catheterization is the prefered method to obtain MVA and transmitral pressure gradient 3-5.
MVA can be obtained echocardiographically either pressure half-time or planimetric methods. PHTnindicates hemodynamic MVA, whereas planimetric methods provides an anatomic MVA. It has been described that planimetric method was the gold standard 19. However, planimetric techniques may be dependent on gain and reject settings and be inaccurate in the presence of thickened, calcified mitral valve leaflets or previous commissurotomy 5. Doppler echocardiography also has been shown to accurately reproduce the presure gradient across the mitral valve , and the pressure half-time method has been shown to correlate well with cardiac catheterization and planimetric methods 10-12. The PHT method is more accurate than planimetric method in patients who had valvotomy operation 24,25. However, PHT may be inaccurate in clinical settings such as pregnancy, left ventricular hypertrophy, aortic regurgitation, mitral regurgitation, poor left ventricular function, tachycardia and immediately after mitral valvuloplasty 13,14,17,18.
We obtained a significant correlation between planimetric and PHT methods in patients with mild and moderate MS as previously reported 19,26,27 wherase patients with severe MS did not show any correlation. Severe MS patients had also a higher valve score which may be due to the heavily calcified leaflets. It has been reported that the planimetric method may be inaccurate in the presence of thickened and calcified mitral leaflets 28.
We found that MVA obtained by PHT was significantly less than those obtained by planimetry. Similar result has been reported by other author 6. This can be explained by the fact that the PHT is dependent on the inflow resistance due to mitral orifice and nonorifice components. Additional resistance of supvalvular apparatus can decrease flow rate and lead to a smaller MVA 6.
PHT may varie in patients with AF and changing cycle lengths make difficult to accurately determine diastolic transmitral gradient. It is required to average of at least 7 cycles in order to obtain an accurate diastolic transmitral gradient 29,30. We found a good correlation between planimetric method and PHT method as previously described 29.
Doppler PHT method depends not only on mitral orifice area but also on left atrial compliance and left ventricular compliance and pressure gradient across the valve 13. These parameters may be altered by aortic regurgitation. Aortic regurgitation might have an additional effect on pressure half-time. In AR, diastolic ventricular filling occurs from both left atrium and the aorta. Filling from aorta is not taken into account by the pressure half-time model. Ventricular diastolic filling from the aorta might be expected to cause the mitral gradient to fall prematurely when left ventricular pressure increases rapidly and exceeds left atrial pressure during diastole. Thus aortic regurgitation might be expected to decrease pressure half-time and thereby cause an overestimation of MVA 19.
On the other hand , aortic regurgitant jet may restrict opening of anterior mitral valve leaflet called "Austin Flint effect". According to this effect, aortic regurgitation might be expected to increase pressure half-time and thereby cause an underestimation of MVA 19. 
STUDY LIMITATIONS
Major limitations of our study are that the majority of our patients had only mild to moderate degree mitral and aortic regurgitation and the number of patients were not equal in three groups.
CONCLUSION
Either PHT and planimetric methods may reliably be used in determining MVA because of the good correlation between them regardless of rhythm and associated valve lesions as AR and MR. However, using both methods together may help to derive more correct information and less mistakes.
